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(57) ABSTRACT

The present disclosure provides the exhaust gas purification
catalyst with the improved purification performance under
the high Ga condition and the transient state in which an A/F
repeats rich and lean phases. The present disclosure relates
to an exhaust gas purification catalyst comprising a catalyst
coating layer on a substrate, the catalyst coating layer
containing a noble metal, a composite oxide containing
cerium oxide and zirconium oxide, and a composite oxide
containing aluminum oxide, wherein in the catalyst coating
layer: an average thickness of the coating layer is in a range
from 20 pum to 100 pm; a porosity measured by a weight-
in-water method is in a range from 50% by volume to 80%
by volume; and high-aspect-ratio pores having an aspect
ratio of 5 or more account for 0.5% by volume to 50% by
volume of a whole volume of voids, the high-aspect-ratio
pore having an equivalent circle diameter in a range from 2
um to 50 um in a cross-sectional image of a catalyst coating
layer cross section perpendicular to an exhaust gas flow
direction of the substrate and having an average aspect ratio
in a range from 10 to 50, and wherein the noble metal is
supported on peripheries of the voids, the composite oxide
containing the cerium oxide and the zirconium oxide, and
the composite oxide containing the aluminum oxide.

4 Claims, 6 Drawing Sheets
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EXHAUST GAS PURIFICATION CATALYST

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application claims priority from Japanese
patent application JP 2019-088708 filed on May 9, 2019, the
content of which is hereby incorporated by reference into
this application.

BACKGROUND

Technical Field

The present disclosure relates to an exhaust gas purifica-
tion catalyst. More specifically, the present disclosure relates
to an exhaust gas purification catalyst featuring that a noble
metal is supported on peripheries of voids and all carrier
materials in a catalyst coating layer having high-aspect-ratio
pores at a certain rate.

Description of Related Art

Exhaust gas discharged from an internal combustion
engine of an automotive or the like includes harmful gases
such as carbon monoxide (CO), nitrogen oxides (NOx), and
unburned hydrocarbon (HC). An exhaust gas purification
catalyst for decomposition of such harmful gases is also
referred to as a “three-way catalyst”, and commonly has a
honeycomb-shaped monolith substrate made of cordierite or
the like and a catalyst coating layer formed thereon by wash
coating of a slurry including noble metal particles having
catalytic activity and an auxiliary catalyst having oxygen
storage capacity (OSC).

Various approaches have been made in order to enhance
purification efficiency of the exhaust gas purification cata-
lyst. There is known, for example, a procedure where a void
is formed in a catalyst coating layer in order to enhance
diffusivity of exhaust gas in the catalyst coating layer. For
example, known methods for forming a void in a catalyst
coating layer involve increasing the particle size of a catalyst
particle, or use of a pore-forming material which disappears
in firing of a catalyst at the final stage of production to
provide a void. For example, JP 2010-104897 A describes a
method where a void is provided by adding magnesia having
a particle size of 0.1 to 3.0 um to form a catalyst layer.

If a void is provided in a catalyst layer, however, the
thickness of the catalyst layer may be increased due to the
void, and therefore the pressure loss of the catalyst may be
increased to cause engine output power and/or fuel effi-
ciency to be lowered. In addition, due to the void provided
by any of the above methods, for example, the strength of
the catalyst layer may be decreased, or a sufficient effect may
be not obtained because of poor void linkage. In view of the
above, for example, JP 2012-240027 A describes a method
where a carbon compound material having a predetermined
shape is mixed and is allowed to disappear in catalyst firing
to thereby provide a void in a catalyst layer, the void having
a mode in the frequency distribution with respect to the
depth to length ratio (D/L) in the cross section of 2 or more.

Meanwhile, a technique to support a noble metal to a
catalyst coating layer to control a support density and a
supported part of the noble metal has been studied. For
example, JP 2017-104825 A discloses a catalytic converter
that includes a substrate and a catalyst layer. The substrate
has a cell structure through which an exhaust gas flows. The
catalyst layer is formed on cell wall surfaces of the substrate.
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The catalyst layer includes a first catalyst layer on an
upstream in an exhaust gas flow direction and a second
catalyst layer on a downstream in the exhaust gas flow
direction. The first catalyst layer includes a noble metal
catalyst at a uniform concentration in a thickness direction.
The second catalyst layer has a concentration distribution in
which the concentration of the noble metal catalyst
decreases from a superficial layer to the substrate side.
Starting from an end portion on the upstream of the sub-
strate, the first catalyst layer is formed in a range from 10 to
90% of an overall length of the substrate. In a case where,
in the second catalyst layer, a 20% range of a total thickness
from the superficial layer of the second catalyst layer is
define as a superficial layer portion, a 20% range of a total
thickness from an end surface on the substrate side of the
second catalyst layer is define as a deep portion, a concen-
tration of the noble metal catalyst in the superficial layer
portion is denoted as A (% by mass), and a concentration of
the noble metal catalyst in the deep portion is denoted as B
(% by mass), AB is larger than 1.

Furthermore, JP 2017-115690 A discloses an exhaust
emission purification device that includes a trap catalyst and
an oxidation catalyst. The trap catalyst is disposed on an
exhaust passage of an engine and has a function that absorbs
and reduces nitrogen oxide in an exhaust gas. In the trap
catalyst, a noble metal support density on a superficial layer
side is set higher than that on a base layer side. The oxidation
catalyst is disposed on an upstream side with respect to the
trap catalyst and has a function that oxidizes the nitrogen
oxide. In the oxidation catalyst, a noble metal support
density on the base layer side is set higher than that of the
superficial layer side.

SUMMARY

In compliance to a strict emissions regulation, such as the
SULEV20, it is desired to improve a purification perfor-
mance under a condition of a high intake air mass in
acceleration or the like (a high intake air mass or under a
high Ga condition: being the same as a high space velocity
or under a high SV condition) in a transient state in which
an air fuel ratio (A/F) repeats rich and lean phases. In such
a field, even JP 2010-104897 A, JP 2012-240027 A, JP
2017-104825 A, and JP 2017-115690 A in which an
improvement in the purification performance has been rec-
ognized need to use a large amount of the expensive noble
metal for compliance to a further strict emissions regulation.
That is, in the light of the cost, a new noble metal supporting
technique to improve the purification performance with a
further small amount of noble metal is required.

Accordingly, an object of the present disclosure is to
provide an exhaust gas purification catalyst with an
improved purification performance under a high Ga condi-
tion and a transient state in which an A/F repeats rich and
lean phases.

As aresult of intensive studies, the present inventors have
found the following and have completed the present disclo-
sure. In a catalyst coating layer having high-aspect-ratio
pores excellent in communicability and excellent in gas
diffusivity prepared by using organic fibers having a prede-
termined shape as a pore-forming material, a noble metal is
supported on peripheries of voids and all carrier materials (a
composite oxide containing cerium oxide and zirconium
oxide and a composite oxide containing aluminum oxide).
This improves a NOx conversion performance under a high
Ga condition and in a transient state in which an A/F repeats
rich and lean phases.
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That is, the gist of the present disclosure is as follows.

(1) An exhaust gas purification catalyst comprising a
catalyst coating layer on a substrate, the catalyst coating
layer containing a noble metal, a composite oxide containing
cerium oxide and zirconium oxide, and a composite oxide
containing aluminum oxide,

wherein in the catalyst coating layer:

an average thickness of the coating layer is in a range

from 20 pm to 100 um;
a porosity measured by a weight-in-water method is in a
range from 50% by volume to 80% by volume; and

high-aspect-ratio pores having an aspect ratio of 5 or more
account for 0.5% by volume to 50% by volume of a
whole volume of voids, the high-aspect-ratio pore
having an equivalent circle diameter in a range from 2
pm to 50 pm in a cross-sectional image of a catalyst
coating layer cross section perpendicular to an exhaust
gas flow direction of the substrate and having an
average aspect ratio in a range from 10 to 50, and

wherein the noble metal is supported on peripheries of the
voids, the composite oxide containing the cerium oxide
and the zirconium oxide, and the composite oxide
containing the aluminum oxide.

(2) The exhaust gas purification catalyst according to (1),

wherein in the catalyst coating layer, the high-aspect-ratio
pore is oriented such that a value of an 80% cumulative
angle, in a cumulative angle distribution on an angle basis,
of an angle (cone angle) between a vector in a longitudinal
direction of the high-aspect-ratio pore and a vector in the
exhaust gas flow direction of the substrate is in a range from
0 to 45 degrees.

(3) The exhaust gas purification catalyst according to (1)
or (2),

wherein in the catalyst coating layer, an amount of coating
is in a range from 50 g/L. to 300 g/L. based on a unit volume
of the substrate.

(4) A method for producing an exhaust gas purification
catalyst comprising a catalyst coating layer on a substrate,
the method comprising

mixing a noble metal raw material with a catalytic activ-
ity, composite oxide particles containing aluminum oxide,
composite oxide particles containing cerium oxide and zir-
conium oxide, and a fibrous organic substance in an amount
ot 0.5 parts by mass to 9.0 parts by mass based on 100 parts
by mass of the composite oxide particles containing the
aluminum oxide and the composite oxide particles contain-
ing the cerium oxide and the zirconium oxide to prepare a
catalyst slurry,

wherein the fibrous organic substance has an average fiber
diameter in a range from 1.7 um to 8.0 um and an average
aspect ratio in a range from 9 to 40, and

applying the catalyst slurry on the substrate and subse-
quently firing to remove at least a part of the fibrous organic
substance and to form the catalyst coating layer on the
substrate.

(5) The method according to (4),

wherein the composite oxide particles containing the
cerium oxide and the zirconium oxide, the composite oxide
particles containing the aluminum oxide, and the fibrous
organic substance are mixed in order in a solution containing
the noble metal raw material and stirred each time after the
mixture to prepare the catalyst slurry.

Effects

The present disclosure provides the exhaust gas purifica-
tion catalyst with the improved purification performance
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under the high Ga condition and the transient state in which
an A/F repeats rich and lean phases.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a two-dimensional projection diagram exempli-
fying three-dimensional information on a pore obtained by
analyzing a continuous cross-sectional image of a catalyst
coating layer cross section perpendicular to an exhaust gas
flow direction of a substrate of an exhaust gas purification
catalyst of the present disclosure;

FIG. 2 is a schematic diagram illustrating the pore in the
catalyst coating layer cross section at each of A to E in FIG.
1

FIG. 3 is a schematic diagram illustrating a cone angle of
the high-aspect-ratio pore in the two-dimensional projection
diagram of FIG. 1;

FIG. 4 is a diagram schematically illustrating an example
of a structure of the exhaust gas purification catalyst of the
present disclosure;

FIG. 5 is a diagram illustrating NOx conversion perfor-
mances under a rich atmosphere in exhaust gas purification
catalysts of Example 1 and Comparative Examples 1 to 4;
and

FIG. 6 is a diagram illustrating a OSC performance in the
exhaust gas purification catalysts of Example 1 and Com-
parative Examples 1 to 4.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[Exhaust Gas Purification Catalyst]

The exhaust gas purification catalyst of the present dis-
closure includes a catalyst coating layer on a substrate. The
catalyst coating layer contains a noble metal, a composite
oxide containing cerium oxide and zirconium oxide, and a
composite oxide containing aluminum oxide. In the catalyst
coating layer, an average thickness is in a range from 20 um
to 100 um, a porosity measured by a weight-in-water method
is in a range from 50% by volume to 80% by volume, and
high-aspect-ratio pores having an aspect ratio of 5 or more
account for 0.5% by volume to 50% by volume of a whole
volume of voids. The high-aspect-ratio pore has an equiva-
lent circle diameter in a range from 2 pm to 50 pm in a
cross-sectional image of a catalyst coating layer cross sec-
tion perpendicular to an exhaust gas flow direction of the
substrate and has an average aspect ratio in a range from 10
to 50. The noble metal is supported on peripheries of the
voids, the composite oxide containing the cerium oxide and
the zirconium oxide, and the composite oxide containing the
aluminum oxide.

(Substrate)

A known substrate having a honeycomb shape can be
used as the substrate of the exhaust gas purification catalyst
of'the present disclosure, and a honeycomb-shaped monolith
substrate (honeycomb filter, high-density honeycomb or the
like) or the like may be adopted. The material of such a
substrate is also not particularly limited, and a substrate
made of ceramics such as cordierite, silicon carbide, silica,
alumina, and mullite, or a substrate made of a metal such as
stainless steel including chromium and aluminum may be
adopted. In some embodiments, cordierite may be used
among them in terms of cost.

(Catalyst Coating Layer)

The catalyst coating layer in the exhaust gas purification
catalyst of the present disclosure is formed on a surface of
the substrate, and may be configured from one layer or two
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or more layers, namely, two layers, three layers, or four or
more layers. Each catalyst coating layer needs not to be
necessarily uniform over the entire substrate of the exhaust
gas purification catalyst, and may have a different compo-
sition depending on each part of the substrate, for example,
depending on each of an upstream zone and a downstream
zone in an exhaust gas flow direction. In a case where the
catalyst coating layer is configured from two or more layers,
the catalyst coating layer can be classified into a catalyst
coating layer as an uppermost layer and catalyst coating
layer(s) present below the layer. As described later, the
catalyst coating layer as the uppermost layer has a structure
having the large number of voids and supporting the noble
metal on peripheries of the voids, the composite oxide
containing the cerium oxide and the zirconium oxide, and
the composite oxide containing the aluminum oxide.

The catalyst coating layer contains a noble metal serving
as a main catalyst, a composite oxide containing cerium
oxide and zirconium oxide, a composite oxide containing
aluminum oxide, and the like.

The composite oxide containing the aluminum oxide
plays a role as contributing to improvement in exhaust gas
purification performance and heat resistance. Specific
examples of a substance contained in the composite oxide
other than the aluminum oxide includes lanthanum oxide
(La,0;), cerium oxide (CeO,, ceria), and zirconium oxide
(ZrO,, zirconia). Two or more kinds of composite oxides
containing aluminum oxide may be used in combination. In
some embodiments, a total amount of the composite oxide
containing the aluminum oxide may be from 20 parts by
mass to 80 parts by mass based on 100 parts by mass of the
catalyst coating layer. In some embodiments, a total amount
of the composite oxide containing the aluminum oxide may
be from 25 parts by mass to 60 parts by mass based on 100
parts by mass of the catalyst coating layer.

The composite oxide containing the cerium oxide and the
zirconium oxide is a material excellent in oxygen storage
capacity. Specific examples of a substance contained in the
composite oxide other than the cerium oxide or the zirco-
nium oxide includes lanthanum oxide (La,O,), yttrium
oxide (Y,Oj;, yttria), silicon oxide (SiO,, silica), and neo-
dymium oxide (Nd,O,). In some embodiments, an amount
of the composite oxide containing the cerium oxide and the
zirconium oxide may be from 20 parts by mass to 80 parts
by mass based on 100 parts by mass of the catalyst coating
layer. In some embodiments, an amount of the composite
oxide containing the cerium oxide and the zirconium oxide
may be from 40 parts by mass to 75 parts by mass based on
100 parts by mass of the catalyst coating layer.

Specific examples of the noble metal include platinum
(Pt), palladium (Pd), rhodium (Rh), gold (Au), silver (Ag),
iridium (Ir) and ruthenium (Ru). In some embodiments, at
least one selected from the group consisting of Pt, Rh, Pd,
Ir and Ru may be used among them in terms of catalyst
performance. In some embodiments, at least one selected
from the group consisting of Pt, Rh and Pd may be used
among them in terms of catalyst performance.

The noble metal is supported on the peripheries of the
voids and all carrier materials, such as the composite oxide
containing the aluminum oxide and the composite oxide
containing the cerium oxide and the zirconium oxide. Here,
the peripheries of the voids mean surfaces of the voids
contactable with an exhaust gas formed from a fibrous
organic substance in the catalyst coating layer. The amount
of the noble metal to be supported is not particularly limited,
and an appropriate amount thereof may be supported
depending on the intended design and the like. In some
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embodiments, the content of the noble metal may be 0.01
parts by mass to 10 parts by mass, in terms of metal, based
on 100 parts by mass of the catalyst coating layer. In some
embodiments, the content of the noble metal may be 0.01
parts by mass to 5 parts by mass, in terms of metal, based on
100 parts by mass of the catalyst coating layer. While too
small an amount of the noble metal supported tends to result
in an insufficient catalytic activity, and on the other hand, too
large an amount thereof tends to cause saturation of catalytic
activity and an increase in cost. Any amount in the above
range does not cause such problems.

Regarding a support distribution of the noble metal, a
supporting state to the material can be confirmed, for
example, through observation of the catalyst coating layer
with an Electron Probe Micro Analyzer (EPMA) and an
elementary analysis. Additionally, the use of a Scanning
Transmission Electron Microscope (STEM) allows confir-
mation of the supporting state around the surface of the void.

Since the noble metal is supported on the peripheries of
the voids, the composite oxide containing the aluminum
oxide, and the composite oxide containing the cerium oxide
and the zirconium oxide, the heat resistance, an oxygen
absorption/release capacity, and a gas contact rate of the
noble metal itself can be improved and further both of the
purification performance and an OSC performance, which
may be incompatible to one another in the exhaust gas
purification catalyst, can be improved. Accordingly, the
exhaust gas purification catalyst including the catalyst coat-
ing layer of the present disclosure allows providing the
sufficient purification performance with the small amount of
the noble metal even under a high Ga condition and in a
transient state where the A/F repeats rich and lean phases.

In some embodiments, the amount of coating of one layer
of' the catalyst coating layer may be in the range from 50 g/L.
t0 300 g/L based on a unit volume of the substrate. Too small
an amount of coating does not impart sufficient catalytic
activity performance of the catalyst and thus does not impart
sufficient catalyst performance such as NOx conversion
performance. On the other hand, too large an amount thereof
also increases pressure loss to cause fuel efficiency to be
deteriorated. Any amount in the above range does not cause
such problems. In some embodiments, the amount of coating
of one layer of the catalyst coating layer may be in the range
from 50 g/L. to 250 g/L. based on the unit volume of the
substrate, in terms of a balance among pressure loss, catalyst
performance and durability. In some embodiments, the
amount of coating of one layer of the catalyst coating layer
may be in the range from 50 g/I. to 200 g/L, based on the unit
volume of the substrate, in terms of a balance among
pressure loss, catalyst performance and durability.

The thickness of one layer of the catalyst coating layer is
in the range from 20 um to 100 um as the average thickness.
Too thin a catalyst coating layer does not impart sufficient
catalyst performance. On the other hand, too thick a catalyst
coating layer increases the pressure loss in passing of
exhaust gas and the like to fail to impart sufficient catalyst
performance such as NOx conversion performance. Any
thickness in the above range does not cause such problems.
In some embodiments, the thickness may be in the range
from 20.0 um to 83.3 um, in terms of a balance among
pressure loss, catalyst performance and durability. In some
embodiments, the thickness may be in the range from 20.0
pm to 66.7 um, in terms of a balance among pressure loss,
catalyst performance and durability. The “thickness” of the
catalyst coating layer used herein means a length of the
catalyst coating layer in a direction perpendicular to the
center of a flat portion of the substrate, namely, the shortest
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distance between the surface of the catalyst coating layer
and the surface of the substrate (an interface with the lower
layer catalyst coating when the lower layer catalyst coating
is present). The average thickness of the catalyst coating
layer can be determined by, for example, observing the
catalyst coating layer with a scanning electron microscope
(SEM) or an optical microscope to measure the thickness at
each of any 10 points or more, and calculating the average
thickness.

While the catalyst coating layer is formed mainly from the
noble metal, the composite oxide containing the aluminum
oxide, and the composite oxide containing the cerium oxide
and the zirconium oxide, the catalyst coating layer may also
further comprise other component as long as the effect of the
present disclosure is not impaired. Examples of such other
component include other composite oxide containing alu-
minum oxide and an additive for use in a catalyst coating
layer in such a kind of use, and specific examples include
one or more of alkali metals such as potassium (K), sodium
(Na), lithium (Li) and cesium (Cs), alkaline earth metals
such as barium (Ba), calcium (Ca) and strontium (Sr),
rare-earth elements such as lanthanum (La), yttrium (Y) and
cerium (Ce), and transition metals such as iron (Fe).

A large number of voids are included in the catalyst
coating layer, and the porosity thereof is in the range from
50% by volume to 80% by volume as measured by a
weight-in-water method. Too low a porosity of the catalyst
coating layer deteriorates gas diffusivity and thus does not
impart sufficient catalyst performance. On the other hand,
too high a porosity increases diffusivity to thereby increase
aproportion of gas passing through the coating layer without
coming in contact with a catalytic active site, not imparting
sufficient catalyst performance. Any porosity in the above
range does not cause such problems. In some embodiments,
the porosity of the catalyst coating layer may be in the range
from 50.9% by volume to 78.8% by volume, in terms of a
balance between gas diffusivity and catalyst performance. In
some embodiments, the porosity of the catalyst coating layer
may be in the range from 54.0% by volume to 78.0% by
volume, in terms of a balance between gas diffusivity and
catalyst performance.

The “void(s)” in the catalyst coating layer means a space
in the catalyst coating layer. The shape of the “void” is not
particularly limited, and for example, may be any of spheri-
cal, elliptical, cylindrical, cuboid (rectangular column), disc,
through-hole shapes, and shapes similar thereto. Such a void
encompasses pores such as a micropore having an equiva-
lent circle diameter of a cross-section, of less than 2 um; a
high-aspect-ratio pore having an equivalent circle diameter
of a cross-section, of 2 um or more, and having an aspect
ratio of 5 or more; and a pore having an equivalent circle
diameter of a cross-section, of 2 um or more, and not having
an aspect ratio of 5 or more. The porosity of the catalyst
coating layer can be determined by, for example, subjecting
an exhaust gas purification catalyst with only a catalyst
coating layer to measurement by a weight-in-water method.
Specifically, the porosity can be measured by, for example,
a method according to a method prescribed in JIS R 2205.

In the exhaust gas purification catalyst of the present
disclosure, the high-aspect-ratio pores having the aspect
ratio of 5 or more account for 0.5% by volume to 50% by
volume of the whole volume of voids in the catalyst coating
layer. The high-aspect-ratio pore is characterized by having
the equivalent circle diameter in the range from 2 um to 50
um in a cross-sectional image of a catalyst coating layer
cross section perpendicular to an exhaust gas flow direction,
and the average aspect ratio in the range from 10 to 50.
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Accordingly, a pore having the equivalent circle diameter of
less than 2 pm is not considered to be the high-aspect-ratio
pore, even if having the aspect ratio of 5 or more.

Too low the average aspect ratio of the high-aspect-ratio
pore does not impart sufficient pore connectivity. On the
other hand, too high the average aspect ratio thereof causes
too high a gas diffusivity and thus increases a proportion of
gas passing through the coating layer without coming into
contact with a catalytic active site, not imparting sufficient
catalyst performance. Any average aspect ratio in the range
from 10 to 50 does not cause such problems. In some
embodiments, the average aspect ratio of the high-aspect-
ratio pore may be in the range from 10 to 35, in view of
compatibility of gas diffusivity with catalyst performance. In
some embodiments, the average aspect ratio of the high-
aspect-ratio pore may be in the range from 10 to 30, in view
of compatibility of gas diffusivity with catalyst performance.

The average aspect ratio of the high-aspect-ratio pore in
the catalyst coating layer can be measured by analyzing a
cross-sectional image of a catalyst coating layer cross sec-
tion perpendicular to an exhaust gas flow direction (axial
direction of a honeycomb-shaped substrate) of the substrate,
from the three-dimensional information on the pore of the
catalyst coating layer, obtained by FIB-SEM (Focused Ion
Beam-Scanning FElectron Microscope), X-ray CT, or the
like.

Specifically, for example, in the case of FIB-SEM analy-
sis, first, a continuous cross-sectional image (SEM image) of
a catalyst coating layer cross section perpendicular to an
exhaust gas flow direction of the substrate is acquired by
FIB-SEM analysis. Next, the resulting continuous cross-
sectional image is analyzed, and three-dimensional infor-
mation on a pore having an equivalent circle diameter of a
cross-section, of 2 um or more, is extracted. FIG. 1 illus-
trates a two-dimensional projection diagram exemplifying
analysis results of three-dimensional information on the
pore, obtained by analyzing a continuous cross-sectional
image of a catalyst coating layer cross section perpendicular
to an exhaust gas flow direction of the substrate of the
exhaust gas purification catalyst, as one example of analysis
results of three-dimensional information on the pore. As is
clear from the analysis results of three-dimensional infor-
mation on the pore shown in FIG. 1, the shape of the pore
is indefinite, and a distance for connecting a starting point
and an end point in the continuous cross-sectional image
(SEM image) of the pore is defined as “longitudinal size”.
Herein, the starting point and the end point correspond to
centroids in each SEM image. Next, a constriction portion in
a path for connecting the starting point and the end point at
the shortest distance in the continuous cross-sectional image
(SEM image) of the pore is defined. The minimum part
whose equivalent circle diameter is 2 pm or more and is also
minimum among the constriction portions in the cross-
sectional SEM image is defined as a “throat-shaped por-
tion,” and the equivalent circle diameter thereof in the
cross-sectional SEM image is defined as a “throat-shaped
portion size”. (while a plurality of constriction portions may
be present in a pore, the throat-shaped portion size for
calculating the aspect ratio is defined as follows: the mini-
mum constriction portion is selected in the path for con-
necting the starting point and the end point at the shortest
distance, and the equivalent circle diameter of the pore in the
cross-sectional SEM image of the minimum constriction
portion (throat-shaped portion) is defined as the “throat-
shaped portion size”.) Furthermore, the aspect ratio of the
pore is defined as a “longitudinal size/throat-shaped portion
size”.
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Next, FIG. 2 illustrates cross-sectional images (SEM
images) of (A) (starting point of pore), (B) (throat-shaped
portion of pore), (C) (medium point of longitudinal size of
pore), (D) (maximum diameter portion having maximum
equivalent circle diameter of pore), and (E) (end point of
pore) in FIG. 1. FIG. 2 is a schematic diagram of a
cross-sectional image (SEM image) of the pore in the
catalyst coating layer cross section in (A) to (E) of FIG. 1.
FIG. 2(A) is a schematic diagram of a cross-sectional image
of the pore at the starting point (one end portion where the
equivalent circle diameter of the pore is 2 um or more) in the
two-dimensional projection diagram of the pore illustrated
in FIG. 1, and G1 represents centroid of the pore in the
cross-sectional image. FIG. 2(B) is a schematic diagram of
the cross-sectional image of the pore in the throat-shaped
portion (which has an equivalent circle diameter of the pore
of 2 um or more and is the minimum constriction portion in
the path for connecting the starting point and the end point
at the shortest distance) in the two-dimensional projection
diagram of the pore illustrated in FIG. 1. FIG. 2(C) is a
schematic diagram of the cross-sectional image of the pore
at the medium point in the path for connecting the starting
point and the end point of the longitudinal size at the shortest
distance in the two-dimensional projection diagram of the
pore illustrated in FIG. 1. FIG. 2(D) is a cross-sectional
image of the pore at a position where the equivalent circle
diameter of the pore is maximum in the path for connecting
the starting point and the end point of the longitudinal size
at the shortest distance in the two-dimensional projection
diagram of the pore illustrated in FIG. 1. FIG. 2(E) is a
schematic diagram of a cross-sectional image of the pore at
the end point (other end portion where the equivalent circle
diameter of the pore is 2 pm or more) in the two-dimensional
projection diagram of the pore illustrated in FIG. 1, and G2
represents centroid of the pore in the cross-sectional image.
Here, the linear distance for connecting the starting point
(G1 in FIG. 2(A)) of the pore and the end point (G2 in FIG.
2(E)) of the pore in FIG. 2 is defined as the “longitudinal
size”. In addition, a portion where the equivalent circle
diameter in the cross-sectional SEM image is 2 jum or more
and is minimum, among the constriction portions in the path
for connecting the starting point and the end point of the
pore at the shortest distance, is defined as a “throat-shaped
portion”, and the equivalent circle diameter thereof in the
cross-sectional SEM image is defined as a “throat-shaped
portion size”. The aspect ratio of the pore is defined as a
“longitudinal size/throat-shaped portion size”. Furthermore,
the “average aspect ratio of the high-aspect-ratio pore in the
catalyst coating layer” can be determined as follows: aspect
ratios of pores are determined in an area of 500 um or more
in the horizontal direction to the substrate flat portion of the
catalyst coating layer, 25 pm or more in the perpendicular
direction and 1000 um or more in the axial direction to the
substrate flat portion, or any area corresponding thereto; and
the average aspect ratio of the high-aspect-ratio pore having
an aspect ratio of 5 or more among the pores determined is
calculated.

As described above, the rate of the high-aspect-ratio pores
relative to the whole volume of voids in the catalyst coating
layer is in the range from 0.5% by volume to 50% by
volume. Too low a rate thereof causes poor pore connectiv-
ity. On the other hand, too high a rate thereof causes
insufficient gas diffusivity in a direction perpendicular to an
exhaust gas flow direction, not imparting sufficient catalyst
performance and also causing peeling or the like due to
reduction in strength of the catalyst coating layer. Any rate
in the above range does not cause such problems. In some
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embodiments, the rate of the high-aspect-ratio pore relative
to the whole volume of voids may be in the range from 0.6%
by volume to 40.9% by volume, in terms of a balance among
gas diffusivity, catalyst performance, and strength of the
catalyst coating layer. In some embodiments, the rate of the
high-aspect-ratio pore relative to the whole volume of voids
may be in the range from 1% by volume to 30.1% by
volume, in terms of a balance among gas diffusivity, catalyst
performance, and strength of the catalyst coating layer.

The rate of the high-aspect-ratio pore relative to the whole
volume of voids in the catalyst coating layer can be deter-
mined by dividing the porosity of the high-aspect-ratio pore
(in an area of 500 pm or more in the horizontal direction to
the substrate flat portion of the catalyst coating layer, 25 pm
or more in the perpendicular direction to the substrate flat
portion, and 1000 um or more in the axial direction to the
substrate flat portion, or any area corresponding thereto) by
the porosity of the catalyst coating layer as measured by a
weight-in-water method.

Furthermore, in the catalyst coating layer, the high-as-
pect-ratio pore may be oriented such that an 80% cumulative
angle, in a cumulative angle distribution on an angle basis,
of an angle (cone angle) between a vector in a longitudinal
direction of the high-aspect-ratio pore and a vector in an
exhaust gas flow direction of the substrate is in a range from
0 degree to 45 degrees in some embodiments. Thus, the gas
diffusivity in an exhaust gas flow direction (axial direction
of a honeycomb-shaped substrate) can be particularly
enhanced to thereby enhance the efficiency of utilization of
an active site. Too large an 80% cumulative angle tends to
cause an insufficient component in the axial direction of the
gas diffusivity, reducing the efficiency of utilization of an
active site. Any angle in the above range does not cause such
problems. In some embodiments, the 80% cumulative angle
may be in the range from 15 degrees to 45 degrees, in terms
of catalyst performance. In some embodiments, the 80%
cumulative angle may be in the range from 30 degrees to 45
degrees, in terms of catalyst performance.

The cone angle (orientation angle) of the high-aspect-ratio
pore in the catalyst coating layer can be measured by
analyzing the cross-sectional image of a catalyst coating
layer cross section perpendicular to an exhaust gas flow
direction (axial direction of a honeycomb-shaped substrate)
of the substrate from the three-dimensional information on
the pore of the catalyst coating layer. Specifically, for
example, in the case of FIB-SEM analysis, the “cone angle”
can be determined from an angle between a vector in a
longitudinal direction resulting from the “longitudinal size”
of the high-aspect-ratio pore obtained as above and a vector
in an exhaust gas flow direction of the substrate. FIG. 3 is a
schematic diagram illustrating a cone angle (orientation
angle) of the high-aspect-ratio pore, and also illustrating one
example of a method for determining the “cone angle”. FIG.
3 illustrates a vector (Y) in a longitudinal direction of the
high-aspect-ratio pore and a vector (X) in an exhaust gas
flow direction of the substrate in the two-dimensional pro-
jection diagram in FIG. 1, and an angle between the vector
(Y) in the longitudinal direction and the vector (X) in an
exhaust gas flow direction of the substrate is defined as the
“cone angle”. The three-dimensional information on the
pore (three-dimensional image) can be subjected to image
analysis, to thereby calculate the 80% cumulative angle, in
a cumulative angle distribution on an angle basis, of the cone
angle. Herein, the 80% cumulative angle, in a cumulative
angle distribution on an angle basis, of the cone angle of the
high-aspect-ratio pore means a cone angle of the aspect-ratio
pore which corresponds to the cone angle at 80% in terms of
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frequency (a cumulative frequency of 80%, on an angle
basis of the cone angle) relative to the total number of the
high-aspect-ratio pores when the number of the high-aspect-
ratio pores is counted from the high-aspect-ratio pore having
the smallest cone angle (degrees) in the ascending order.
Herein, the 80% cumulative angle, in a cumulative angle
distribution on an angle basis, of the cone angle of the
high-aspect-ratio pore can be determined by randomly
extracting 20 or more of the high-aspect-ratio pores, and
determining the 80% cumulative angle, in a cumulative
angle distribution on an angle basis, of the cone angle of
each of the high-aspect-ratio pores to provide an average
value.

FIG. 4 schematically illustrates an example of a structure
of the exhaust gas purification catalyst of the present dis-
closure. In FIG. 4, the catalyst coating layer containing the
noble metal, the composite oxide containing the aluminum
oxide, and the composite oxide containing the cerium oxide
and the zirconium oxide is coated on the substrate. The
catalyst coating layer has the high-aspect-ratio pores at a
certain rate. The noble metal is supported on the peripheries
of the voids and all carrier materials, such as the composite
oxide containing the aluminum oxide and the composite
oxide containing the cerium oxide and the zirconium oxide.

(Embodiments of Use of Exhaust Gas Purification Cata-
lyst)

The exhaust gas purification catalyst of the present dis-
closure may be used singly or in combination with other
catalyst. Such other catalyst is not particularly limited, and
a known catalyst (for example, in the case of an exhaust gas
purification catalyst for automotives, an oxidation catalyst, a
NOx reduction catalyst, a NOx storage reduction catalyst
(NSR catalyst), a lean NOx trap catalyst (LNT catalyst), a
NOx selective reduction catalyst (SCR catalyst), or the like)
may be appropriately used.

[Method for Producing Exhaust Gas Purification Catalyst]

The method for producing an exhaust gas purification
catalyst of the present invention, in which the exhaust gas
purification catalyst has on a substrate a catalyst coating
layer including a novel metal, a composite oxide containing
aluminum oxide, and a composite oxide containing cerium
oxide and zirconium oxide, includes the steps of forming a
catalyst coating layer using a catalyst slurry including a
noble metal raw material having catalyst activity, composite
oxide particles containing aluminum oxide, composite oxide
particles containing cerium oxide and zirconium oxide, and
a fibrous organic substance in an amount of 0.5 parts by
mass to 9.0 parts by mass based on 100 parts by mass of the
composite oxide particles containing the aluminum oxide
and the composite oxide particles containing the cerium
oxide and the zirconium oxide. The fibrous organic sub-
stance has an average fiber diameter in a range from 1.7 um
to 8.0 um and an average aspect ratio in a range from 9 to
40. When coating the substrate with the catalyst slurry and
then heating the catalyst slurry, at least a part of the fibrous
organic substance may be removed to form voids in the
catalyst coating layer. Herein, in a case where the catalyst
coating layer is configured from two or more layers, the
lower catalyst coating layer(s) located lower with respect to
the uppermost catalyst coating layer, in the catalyst coating
layers, can be formed by a conventionally known method,
for example, using a catalyst slurry containing a novel metal,
composite oxide containing aluminum oxide, and composite
oxide containing cerium oxide and zirconium oxide and
containing no fibrous organic substance.
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(Composite Oxide Particles Containing Aluminum Oxide
and Composite Oxide Particles Containing Cerium Oxide
and Zirconium Oxide)

The composite oxide particles containing the aluminum
oxide and the composite oxide particles containing the
cerium oxide and the zirconium oxide are the same as
described above with respect to the composite oxide con-
taining the aluminum oxide and the composite oxide con-
taining the cerium oxide and the zirconium oxide contained
in the catalyst coating layer of the exhaust gas purification
catalyst of the present disclosure. A preparation method of
the composite oxide particles containing the aluminum
oxide and the composite oxide particles containing the
cerium oxide and the zirconium oxide is not particularly
limited, and a known method can be appropriately adopted.
As the composite oxide particles containing the aluminum
oxide and the composite oxide particles containing the
cerium oxide and the zirconium oxide, a commercially
available product may also be used. Examples of the com-
posite oxide particles containing the aluminum oxide and the
composite oxide particles containing the cerium oxide and
the zirconium oxide for use in the method of the present
disclosure include one prepared by a known method and/or
commercially available one, or a dispersion liquid obtained
by dispersing these substances into, for example, a solvent,
such as ion exchanged water.

A particle size of the composite oxide particles containing
the aluminum oxide is not limited. In some embodiments, a
particle size of the composite oxide particles containing the
aluminum oxide may be from 0.1 pum to 10 um by a value
of a 50% cumulative size in a cumulative particle size
distribution on a volume basis. In some embodiments, a
particle size of the composite oxide particles containing the
aluminum oxide may be from 1 pm to 8 um by a value of a
50% cumulative size in a cumulative particle size distribu-
tion on a volume basis.

A particle size of the composite oxide particles containing
the cerium oxide and the zirconium oxide is not limited. In
some embodiments, a particle size of the composite oxide
particles containing the cerium oxide and the zirconium
oxide may be from 0.1 um to 10 um by a value of a 50%
cumulative size in a cumulative particle size distribution on
a volume basis. In some embodiments, a particle size of the
composite oxide particles containing the cerium oxide and
the zirconium oxide may be from 3 um to 8 um by a value
of a 50% cumulative size in a cumulative particle size
distribution on a volume basis.

(Preparation and Coating of Catalyst Slurry)

In the method for producing the exhaust gas purification
catalyst of the present disclosure, the catalyst slurry is used,
and the catalyst slurry contains the novel metal raw material,
the composite oxide particles containing the aluminum
oxide, the composite oxide particles containing the cerium
oxide and the zirconium oxide and the fibrous organic
substance in an amount of 0.5 parts by mass to 9.0 parts by
mass based on 100 parts by mass of the composite oxide
particles containing the aluminum oxide and the composite
oxide particles containing the cerium oxide and the zirco-
nium oxide.

While the solvent is not specifically limited, an example
of the solvent includes water (in some embodiments, pure
water, such as ion exchanged water and distilled water, may
be used).

The noble metal raw material for preparation of the noble
metal particles is not particularly limited, and examples
thereof include a solution obtained by dissolving a salt (for
example, acetate, carbonate, nitrate, an ammonium salt,
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citrate, or a dinitrodiammine salt) of a noble metal (for
example, Pt, Rh, Pd or Ru, or a compound thereof), or a
complex thereof (for example, a tetraammine complex) in a
solvent such as water or alcohol. In addition, the amount of
the noble metal is not particularly limited, the noble metal
may be appropriately supported in a required amount
depending on the intended design and the like. In some
embodiments, the amount may be 0.01% by mass or more.
Herein, when platinum is used as the noble metal, a platinum
salt is not particularly limited, and examples thereof include
acetate, carbonate, nitrate, an ammonium salt, citrate or a
dinitrodiammine salt of platinum (Pt), or a complex thereof.
In some embodiments, a dinitrodiammine salt may be used
among them because it is easily supported and has a high
dispersibility. When palladium is used as the noble metal, a
palladium salt is not particularly limited, and examples
thereof include a solution of acetate, carbonate, nitrate, an
ammonium salt, citrate, a dinitrodiammine salt of palladium
(Pd), or a complex thereof. In some embodiments, nitrate or
a dinitrodiammine salt may be used among them because it
is easily supported and has a high dispersibility. When
rhodium is used as the noble metal, a rhodium salt is not
particularly limited, and examples thereof include a solution
of acetate, carbonate, nitrate, an ammonium salt, citrate, a
dinitrodiammine salt of rhodium (Rh), or a complex thereof.
In some embodiments, nitrate or a dinitrodiammine salt may
be used among them because it is easily supported and has
a high dispersibility. Furthermore, the solvent is not particu-
larly limited, and examples thereof include a solvent that can
allow dissolution in the form of an ion, such as water (in
some embodiments, pure water, such as ion-exchange water
and distilled water, may be used).

The fibrous organic substance is not particularly limited
as long as it is a substance that can be removed by a heating
step described below, and examples thereof include a poly-
ethylene terephthalate (PET) fiber, an acrylic fiber, a nylon
fiber, a rayon fiber, and a cellulose fiber. In some embodi-
ments, at least one selected from the group consisting of a
PET fiber and a nylon fiber may be used among them in
terms of a balance between processability and the firing
temperature. By using a catalyst slurry containing such a
fibrous organic substance and at least partially removing the
fibrous organic substance in a subsequent step, voids having
the same shape as that of the fibrous organic substance can
be formed in the catalyst coating layer. The voids thus
formed can serve as a diffusion path of exhaust gas and the
resulting catalyst can exhibit excellent catalyst performance
even in a region under a high load with a high flow rate of
gas.

The fibrous organic substance for use in the catalyst
production method of the present disclosure has an average
fiber diameter in the range from 1.7 pm to 8.0 um. Too small
an average fiber diameter does not impart an effective
high-aspect-ratio pore, resulting in insufficient catalyst per-
formance. On the other hand, too large an average fiber
diameter increases the thickness of the catalyst coating layer,
thereby increasing pressure loss to cause deterioration in
fuel efficiency. Any average fiber diameter in the above
range does not cause such problems. In some embodiments,
the average fiber diameter of the fibrous organic substance
may be in the range from 2.0 um to 6.0 um, in terms of a
balance between catalyst performance and coating thick-
ness. In some embodiments, the average fiber diameter of
the fibrous organic substance may be in the range from 2.0
um to 5.0 um, in terms of a balance between catalyst
performance and coating thickness.
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The fibrous organic substance for use in the catalyst
production method of the present disclosure has an average
aspect ratio in the range from 9 to 40. Too low an average
aspect ratio results in insufficient pore connectivity to
thereby cause gas diffusivity to be insufficient. On the other
hand, too high an average aspect ratio causes too high a
diffusivity to thereby increase a proportion of gas passing
through the coating layer without coming into contact with
a catalytic active site, not imparting sufficient catalyst per-
formance. Any average aspect ratio in the above range does
not cause such problems. In some embodiments, the average
aspect ratio of the fibrous organic substance may be in the
range from 9 to 30, in terms of a balance between gas
diffusivity and catalyst performance. In some embodiments,
the average aspect ratio of the fibrous organic substance may
be in the range from 9 to 28, in terms of a balance between
gas diffusivity and catalyst performance. Herein, the average
aspect ratio of the fibrous organic substance is defined as an
“average fiber length/average fiber diameter”. Herein, the
fiber length means the linear distance for connecting the
starting point and the end point of the fiber. The average fiber
length can be determined by randomly extracting 50 or more
of' the fibrous organic substances, measuring the fiber length
of each of the fibrous organic substances, and calculating an
average value. In addition, the average fiber diameter can be
determined by randomly extracting 50 or more of the fibrous
organic substances, measuring the fiber diameter of each of
the fibrous organic substances, and calculating an average
value.

In the catalyst production method of the present disclo-
sure, the fibrous organic substance is used in an amount of
0.5 parts by mass to 9.0 parts by mass based on 100 parts by
mass of the composite oxide particles containing the alumi-
num oxide and the composite oxide particles containing the
cerium oxide and the zirconium oxide in a catalyst slurry for
formation of the catalyst coating layer. Too small an amount
of the fibrous organic substance mixed fails to impart
sufficient pore connectivity, resulting in insufficient catalyst
performance. On the other hand, too large an amount thereof
increases the thickness of the catalyst coating layer, thereby
increasing pressure loss to cause deterioration in fuel effi-
ciency. Any amount in the above range does not cause such
problems. In some embodiments, the fibrous organic sub-
stance may be used in an amount of 0.5 parts by mass to 8.0
parts by mass based on 100 parts by mass of the composite
oxide particles containing the aluminum oxide and the
composite oxide particles containing the cerium oxide and
the zirconium oxide in the catalyst slurry, in terms of a
balance between catalyst performance and pressure loss. In
some embodiments, the fibrous organic substance may be
0.5 parts by mass to 5.0 parts by mass based on 100 parts by
mass of the composite oxide particles containing the alumi-
num oxide and the composite oxide particles containing the
cerium oxide and the zirconium oxide in the catalyst slurry,
in terms of a balance between catalyst performance and
pressure loss. In some embodiments, the fibrous organic
substance may have an average fiber diameter in the range
from 2.0 um to 6.0 um and an average aspect ratio in the
range from 9 to 30.

The method for preparing the catalyst slurry is not par-
ticularly limited. The noble metal raw material, the com-
posite oxide particles containing the aluminum oxide, the
composite oxide particles containing the cerium oxide and
the zirconium oxide, and the fibrous organic substance may
be mixed, if necessary with a known binder or the like, and
a known method can be appropriately adopted A condition
for the mixture is not specifically limited. Herein, conditions
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of such mixing are not particularly limited. In some embodi-
ments, the stirring speed and the treatment time may be in
the range from, for example, 100 rpm to 400 rpm and 30
minutes or more, respectively, and the materials may be
uniformly dispersed and mixed in the catalyst slurry. Addi-
tionally, the following method may be used. Since the noble
metal is supported on all materials, the mixture is performed
in the order of the composite oxide particles containing the
cerium oxide and the zirconium oxide, the composite oxide
particles containing the aluminum oxide, and the fibrous
organic substance into a solution containing the noble metal
raw material, and the resultant solution is stirred after each
mixture. Treatment conditions are not particularly limited,
and are appropriately selected depending on the design of
the intended exhaust gas purification catalyst or the like.

In some embodiments, the surface of the substrate, or
optionally the lower catalyst coating layer on the substrate
may be coated with the catalyst slurry containing the novel
metal raw material, the composite oxide particles containing
the aluminum oxide, the composite oxide particles contain-
ing the cerium oxide and the zirconium oxide and the fibrous
organic substance to thereby form a catalyst slurry layer
such that the amount of coating of the catalyst coating layer
after firing may be in a range from 50 g/IL to 300 g/IL based
on the unit volume of the substrate and that the average
thickness of the catalyst coating layer after firing may be in
the range from 20 um to 100 um. The coating method is not
particularly limited, and a known method can be appropri-
ately adopted. Specific examples include a method where a
honeycomb-shaped substrate is dipped in to coat the sub-
strate with the catalyst slurry (dipping method), a wash coat
method, and a method where the catalyst slurry is injected
by an injection means. Herein, the surface of the honey-
comb-shaped substrate is needed to be coated with the
catalyst slurry under coating conditions such that the fol-
lowing are satisfied: the amount of coating of the catalyst
coating layer after firing is in the range from 50 g/L to 300
g/l based on the unit volume of the substrate, and the
average thickness of the catalyst coating layer after firing is
in the range from 20 pm to 100 pm.

In the catalyst production method of the present disclo-
sure, the substrate is coated with the catalyst slurry, and then
heated to thereby evaporate the solvent or the like included
in the slurry and also remove the fibrous organic substance.
Such heating is typically conducted by firing the substrate
coated with the catalyst slurry. In some embodiments, such
firing may be conducted at a temperature in the range from
300 to 800° C. In some embodiments, such firing may be
conducted at a temperature in the range from 400 to 700° C.
Too low a firing temperature tends to cause the fibrous
organic substance to remain, and on the other hand, too high
a firing temperature tends to sinter the particle. Any firing
temperature in the above range does not cause such prob-
lems. The firing time varies depending on the firing tem-
perature. In some embodiments, the firing time may be 20
minutes or more. In some embodiments, the firing time may
be 30 minutes to 2 hours. Furthermore, the atmosphere in
firing is not particularly limited. In some embodiments, the
atmosphere in firing may be in the air or in an atmosphere
of inert gas such as nitrogen (N,).

The exhaust gas purification catalyst including two or
more catalyst coating layers can be prepared by coating the
substrate with the catalyst slurry and heating it to thereby
form the catalyst coating layer on the substrate, and coating
again the resultant with a catalyst slurry optionally different
therefrom in composition, namely, the amounts and the
types of the composite oxide containing the aluminum
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oxide, the composite oxide containing the cerium oxide and
the zirconium oxide, the noble metal and the like, and
heating it, in a repeated manner. The exhaust gas purification
catalyst including two or more catalyst coating layers can be
prepared by using a catalyst slurry including noble metal
particles, composite oxide particles containing cerium oxide
and zirconium oxide, and composite oxide particles con-
taining aluminum oxide to form a lower catalyst coating
layer, and then using a catalyst slurry including noble metal
particles, composite oxide particles containing aluminum
oxide, composite oxide particles containing cerium oxide
and zirconium oxide, and a fibrous organic substance to
form an uppermost catalyst coating layer thereon.

The exhaust gas purification catalyst of the present dis-
closure is used for a method for purifying exhaust gas where
exhaust gas discharged from an internal combustion engine
is brought into contact with the catalyst. The method for
bringing exhaust gas into contact with the exhaust gas
purification catalyst is not particularly limited, and a known
method can be appropriately adopted. For example, a
method may be adopted where the exhaust gas purification
catalyst according to the present disclosure is disposed in an
exhaust gas tube through which gas discharged from an
internal combustion engine flows, thereby bringing exhaust
gas discharged from an internal combustion engine into
contact with the exhaust gas purification catalyst.

The exhaust gas purification catalyst of the present dis-
closure exhibits excellent catalyst performance even in a
region under a high load with a high flow rate of gas.
Therefore, for example, when exhaust gas discharged from
an internal combustion engine of an automotive or the like
is brought into contact with the exhaust gas purification
catalyst of the present disclosure, exhaust gas can be purified
even in a region under a high load with a high flow rate of
gas. The exhaust gas purification catalyst of the present
disclosure can be used for purifying harmful components
such as harmful gases (hydrocarbon (HC), carbon monoxide
(CO), nitrogen oxides (NOx)) in exhaust gas discharged
from an internal combustion engine of an automotive or the
like.

EXAMPLES

While the following describes the present disclosure in
further detail using the examples, the present disclosure is
not limited to these examples.

1. Preparation of Catalyst
I-1. Used Materials
Material 1 (Al,O5)

4% by mass-La,0; composite Al,O,
Material 2 (ZC)

21% by mass-CeO,, 72% by mass-ZrO,, 1.7% by mass-
La,0;, 5.3% by mass-Y,O, composite oxide
Material 3 (Rh)

Nitric acid Rh
Material 4 (Fibrous Organic Substance)

Organic fiber
Material 5 (RhW/AL,0;)

Material in which nitric acid Rh is supported on the
material 1
Material 6 (RW/ZC)

Material in which nitric acid Rh is supported on the
material 2
Material 7 (Rh/Fibrous Organic Substance)

Material in which nitric acid Rh is supported on the
material 4
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Substrate
Cordierite honeycomb substrate with 875 cc (400 cells:
square, wall thickness of 4 mil)
1-2. Preparation of Catalyst

18
TABLE 1-continued

List of standard for preparation of
example and comparative examples

Amount of noble

Example 1 Slurry metal g/l
. . . . . Comparative Material 5 Rh/ALO 50 g/L Rh 0.45
First, the material 3 was introduced into distilled water Example 2 Material 2 ZC . 30 g/L —
while stirred such that an amount of Rh became 0.45 g per Material 4 Organic 3 mass % —
liter of the volume of the substrate (0.45 g/L), and subse- 10 Comparative Material 1 ikl’e(r) 50 gL -
quently the material 2 was introduced and stirred for about Example 3 Material 5 70 30 g/L —
10 minutes. Next, the material 1 and Al,O;-based binder Material 7 Rh/Organic 3 mass % Rh 0.45
H H H fiber
were introduced and the material 4 was introduced after Comparative. Material 1 ALO — Rb 0.45
stirring for about 10 minutes and stirred for about 10 minutes s Exmfple 4 Material 2 2C 30 E/L ’
to prepare a suspended slurry 1. Material 4 Organic None —
Next, the prepared slurry 1 was poured into the substrate fiber
and unnecessary content was blown off with a blower to coat
the material on a wall surface of the substrate. At that time, 11 Evaluation on Catalyst
the material 1 was adjusted so as to be 50 g per liter of the e ; ; ; 1
volume of the substrJa e (50 /L), and thegnr;aterial 2 was 20 First, using the actual engine, the following durability test
adjusted 5o as to be 30 g per lit’er of the volume of the was conducted on the exhaust gas purification catalysts of
substrate (30 g/L). After the coating by 100% to the overall Fxample 1 and Comparative Examples 1 to 4.
length of the substrate, water was removed for two hours by The Qurab.lhty test was conducted as follows. The exhaust
a dryer held at 120° C., and the substrate was fired for two gas purification catalys.ts Were.each mo?med to an exhaust
hours by an electric furnace held at 500° C. to prepare a 25 system of a .V-type. el.ght-cy.hnder engine, exhaust gases
catalyst coating layer. under respective StOlCthIn?tI‘lC apd leag atmosphe.:res were
repeatedly flown by a certain period of time (a ratio of 3:1)
Comparative Example 1 at a catalyst bed temperature of 900° C. for 50 hours.
Subsequently, the following performance evaluation was
Except that the material 6 was used instead of using the 3° conducted on the exhaust gas purification catalysts of
material 3 and the material 2, a catalyst coating layer was Example 1 and Comparative Examples 1 to 4 on which the
prepared similarly to Example 1. durability test had been conducted.
c e B o2 (NOx Conversion Test)
omparative Example 45 The exhaust gas purification catalysts were each mounted
. . . to an exhaust system of an L-type four-cylinder engine,
Except that the material 5 was used instead of using the exhaust gases with Ga=30 g/s and air-fuel ratios (A/F) of
matenahS .an.(li t?e maéenal 11’ al catalyst coating layer was 14.1 and 15.1 were supplied in alternation at a catalyst bed
prepared similarly to Example 1. temperature of 550° C., and NOx conversion efficiency was
. evaluated to calculate an average value.
40
Comparative Example 3 (OSC Performance Test)
Except that the material 7 was used instead of using the An Q)I(iygep absor%)tlorzi/releasehcapa.cny Ao/f eaﬁh §3X1111 aus(;
material 3 and the material 4, a catalyst coating layer was gas punilication catalyst during the active F (the rich an
repared similarly to Exam 1;: 1 lean phases are repeated in a short period) was measured to
prep Y pie 1. 45 measure an OSC performance. In the OSC performance test,
Comparative Example 4 the larger the value is, the more an A/F variation of an engine
output gas can be absorbed, an atmosphere inside the
Except that the material 4 was not used, a catalyst coating Caltf,ll}lllst Wa.;ma}ntaute.(li. to arougd a stglchlor(rilemc state, and
layer was prepared similarly to Example 1. a ligblpu; cation abi 1t}£{;a111 © I.nalnta}neh. b
Table 1 summarizes catalyst structures of exhaust gas 350 aple < summarizes ocations of the exhaust gas
purification catalysts of Example 1 and Comparative purification  catalysts of Examplf: 1 and Comparative
Examples 1 to 4 Examples 1 to 4. Further, FIG. 5 illustrates results of the
’ NOx conversion efficiency under rich atmosphere, and FIG.
TABLE 1 6 illustrates results of the OSC performance.
55
List of standard for preparation of TABLE 2
example and comparative examples
List of Example and Comparative Examples (catalyst structure)
Amount of noble
Slurry metal g/L. Rh location
Example 1 ~ Material 1 Al,O, 50 g/L Rh 0.45 60 Example 1 Supported on voids, an OSC
Material 2 ZC 30 g/l material, and an alumina material
Material 4 Organic 3 mass % Comparative Example 1 Supported on an OSC material
fiber Comparative Example 2 Supported on an alumina material
Comparative Material 1 Al,O, 50 g/L — Comparative Example 3 Supported on voids
Example 1  Material 6 RWZC 30 g/l Rh 0.45 Comparative Example 4 Supported on an OSC material and an
Material 4 Organic 3 mass % — 65 alumina material (No voids)

fiber
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Example 1 exhibited performances higher than those of
Comparative Examples in both of the NOx conversion
efficiency and the OSC performance. Meanwhile, as in
Comparative Example 1, in the case where the noble metal
was supported on only the ZC, which was the composite
oxide containing the cerium oxide and the zirconium oxide,
the purification performance was degraded, and as in Com-
parative Example 2, in the case where the noble metal was
supported on only the alumina, which was the composite
oxide containing the aluminum oxide, the OSC performance
was degraded. As a result, both performances could not be
improved. It is considered that these occurred because of the
following reasons. To improve an activation of the noble
metal itself, the noble metal needs to be supported on the
alumina with high heat resistance. However, the noble metal
has a role of improving an OSC function to absorb and
detach oxygen, and to maximally provide the OSC perfor-
mance, the noble metal needs to be supported on the ZC,
which is the composite oxide containing the cerium oxide
and the zirconium oxide.

As described in Comparative Example 3, in the case
where the noble metal was supported on only the voids,
compared with Example 1, both of the NOx conversion
efficiency and the OSC performance were degraded. It is
considered that this occurred due to failing to effectively use
the functions of the alumina and the ZC when the noble
metal is supported on only the voids. In addition, in a case
where the voids are not controlled as in Comparative
Example 4, specifically the NOx conversion efficiency is
degraded. Controlling the voids allows enhancing gas dif-
fusivity, thereby ensuring improving reactivity.

The following has been found from these results. It is
important that the noble metal is not supported on only any
of the alumina as the composite oxide containing the alu-
minum oxide with the satisfactory NOx conversion effi-
ciency, the ZC as the composite oxide containing the cerium
oxide and the zirconium oxide with the satisfactory OSC
performance, and the voids with the satisfactory gas diffu-
sion, but is supported on all of the alumina and the ZC
including the voids that have been controlled as in Example.

Additionally, when the thickness of the coating layer is
extremely thin or extremely thick, an effect brought by void
control decreases. The extremely thick thickness causes
incompatibility, such as low adhesiveness of the coating
layer. Accordingly, as the results of extensive studies, the
thickness of the coating layer where the present disclosure
works the most effective was 20 um to 100 pm in the
direction perpendicular to the gas flow direction.
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All documents, patents and patent publications cited in
the present description are herein incorporated by reference
as they are.

The invention claimed is:

1. An exhaust gas purification catalyst comprising a
catalyst coating layer on a substrate, the catalyst coating
layer containing a noble metal, a composite oxide containing
cerium oxide and zirconium oxide, and a composite oxide
containing aluminum oxide,

wherein in the catalyst coating layer:

an average thickness of the coating layer is in a range

from 20 pm to 100 um;
a porosity measured by a weight-in-water method is in a
range from 50% by volume to 80% by volume; and

high-aspect-ratio pores having an aspect ratio of 5 or more
account for 0.5% by volume to 50% by volume of a
whole volume of voids, the high-aspect-ratio pores
having an equivalent circle diameter in a range from 2
um to 50 um in a cross-sectional image of a catalyst
coating layer cross section perpendicular to an exhaust
gas flow direction of the substrate and having an
average aspect ratio in a range from 10 to 50, and

wherein the noble metal is supported on peripheries of the
voids, the composite oxide containing the cerium oxide
and the zirconium oxide, and the composite oxide
containing the aluminum oxide.

2. The exhaust gas purification catalyst according to claim
15

wherein in the catalyst coating layer, the high-aspect-ratio

pores are oriented such that a value of an 80% cumu-
lative angle, in a cumulative angle distribution on an
angle basis, of an angle cone angle between a vector in
a longitudinal direction of the high-aspect-ratio pore
and a vector in the exhaust gas flow direction of the
substrate is in a range from 0 to 45 degrees.

3. The exhaust gas purification catalyst according to claim
15

wherein in the catalyst coating layer, an amount of coating

is in a range from 50 g/L. to 300 g/L. based on a unit
volume of the substrate.

4. The exhaust gas purification catalyst according to claim
25

wherein in the catalyst coating layer, an amount of coating

is in a range from 50 g/L. to 300 g/L. based on a unit
volume of the substrate.
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